ABSTRACT. Some athletes who undertake strenuous training programs for a prolonged period of time develop the overtraining syndrome. The pathophysiology of the condition is unknown. Hypothalamic-pituitary function was studied by determining the hormonal responses to insulin-induced hypoglycemia in five asymptomatic male marathon runners during a 4-month period in which they ran 42-, 56-, and 92-km races and in four overtrained male athletes. The response of the asymptomatic runners was not different when tested 1 month before and within 48 h after the 42-and 92-km races. All four overtrained athletes presented with impaired training and racing times, apathy, and a heavy-legged feeling and were tested when overtrained and again after 4 weeks of rest. The plasma cortisol, ACTH, GH, and PRL responses to insulin-induced hypoglycemia in the four overtrained athletes were lower than their responses after the rest and lower than the responses of the asymptomatic runners. In both groups, the LH, TSH, and PRL responses to LHRH and TRH were normal. The impaired hormonal responses to insulin-induced hypoglycemia, with recovery after 4 weeks of rest, indicate hypothalamic dysfunction and may be a diagnostic marker of the overtraining syndrome. (J Clin Endocrinol Metab 60: 803, 1985) 
a heavy-legged feeling and were tested when overtrained and again after 4 weeks of rest. The plasma cortisol, ACTH, GH, and PRL responses to insulin-induced hypoglycemia in the four overtrained athletes were lower than their responses after the rest and lower than the responses of the asymptomatic runners. In both groups, the LH, TSH, and PRL responses to LHRH and TRH were normal. The impaired hormonal responses to insulin-induced hypoglycemia, with recovery after 4 weeks of rest, indicate hypothalamic dysfunction and may be a diagnostic marker of the overtraining syndrome. (J Clin Endocrinol Metab 60: 803, 1985) W HEN exposed to continuous strenuous training programs for prolonged periods of time, some athletes develop features of a symptom complex that has been termed overtraining (1) (2) (3) (4) (5) (6) (7) or staleness (8, 9) . The features of this condition (1) (2) (3) (4) (5) (6) (7) (8) (9) are summarized in Table  1 . Some workers have suggested that the syndrome has a psychological basis (2, 8) , whereas others (3-5) have implicated adrenocortical insufficiency. Hypothalamicpituitary dysfunction also might be considered (7) , as this is exhibited by ballet dancers (10) (11) (12) and athletes (13) (14) (15) who develop amenorrhea as a result of exercise alone or in combination with decreased body weight (10) . In runners, menstrual dysfunction has been related to the distance run (12) and to decreased body fat stores and impaired ovarian function secondary to diminished pituitary hormone secretion (13) . Alteration in the hypothalamic control of gonadotropin release has been described in female athletes with amenorrhea without any exercise-induced weight loss (15) , suggesting that exercise alone might impair hypothalamic-pituitary function. To investigate the possibility of a hormonal basis for the overtraining syndrome, we studied hypotha-lamic-pituitary function in a group of male marathon runners during a 4-month period in which they competed in 42-, 56-, and 92-km marathon races (one of whom became overtrained) and in two runners and one competitive walker who had been referred to us for further investigation after having been clinically diagnosed as suffering from the overtraining syndrome.
Materials and Methods
Six experienced male marathon runners, aged 22 to 36 yr, agreed to participate in the initial phase of the study. Informed consent was obtained from all subjects, and the investigation was approved by the University of Cape Town Faculty Review Committee for Clinical Research Investigation.
During the 4 months of the study, the athletes' training consisted of individualized programs which became progressively more intense in preparation for the 92-km Comrades marathon. The men ran between 110 and 190 km/week, including longer single runs of up to 70 km. These men were tested 1) approximately 1 month before a standard 42-km marathon (B), 2) within 24 h after running the Peninsula marathon (PP), and 3) 3 months later, within 48 h after running the 92-km Comrades marathon (PC). One man, aged 35 yr (I), developed features of the overtraining syndrome 1 week before a marathon and was unable to run the race. He continued training, and 6 weeks later developed the full-blown symptoms of the overtraining syndrome. This athlete was, therefore, included in the group of overtrained runners (I; Table 1 ). None of the other five runners developed symptoms of the overtraining syndrome, and their running performances improved with training. Three overtrained male athletes [two runners aged 24 and 26 yr (II and III), and one competitive walker aged 24 yr (IV)] were referred by physicians for evaluation of their apathy and impaired racing and training performance. Symptoms were present for at least 3 weeks, and all had continued training during that period. Each was questioned about symptoms, training and racing performances before and after the onset of symptoms, and the exercise patterns that precipitated the overtraining response. They were tested within 72 h of diagnosis and again after 4 weeks of rest. The precipitating factors were: I, 8 weeks of distance training and then 14 weeks of speed or interval training; II, 12 weeks of hard training, including a 42-km marathon, 7 days after which he resumed training; III, 12 weeks of hard training and then four road races of 5-10 km and a 42-km marathon all within 11 days; IV (the competitive walker), hard training for 8 weeks, including a weekly time trial over 30 km, despite the fact that his racing distance was only 10 km.
After an overnight fast, actrapid insulin (0. The data were analyzed statistically using analysis of variance and were compared using Bonferroni t values.
Results
The emotional, behavioral, physical, and performance changes experienced by the four overtrained athletes are listed in Table 1 . These symptoms were rare in the five asymptomatic athletes.
The integrated GH, ACTH, and cortisol responses of the five normal (asymptomatic) athletes before (B) and after marathon races (PP and PC) were not significantly different on the three occasions tested (1 month before, within 24 h after the 42-km race, and 48 h after the 92-km race; Fig. 1) . LH, FSH, TSH, and PRL responses also were similar on all three occasions (data not shown).
The four overtrained athletes had significantly decreased GH, ACTH, and cortisol responses ( Figs. 1 and  2 ). Their LH, FSH, TSH, and PRL responses to the combined pituitary test were not significantly different from those of the asymptomatic athletes. Although the PRL response was normal when insulin and TRH were administered together, the integrated PRL responses in two of the overtrained athletes given insulin alone were markedly impaired (<1 and 98 ngmin/ml). After 4 weeks of rest, their PRL responses to insulin returned to normal (710 and 1392 ng-min/ml). The responses of GH, ACTH, and cortisol in the four overtrained athletes after 4 weeks rest were significantly greater than their own results when overtrained and were indistinguishable from those of the asymptomatic runners (B, PP, PC, and T; Figs. 1 and 2 ). These differences in response were not due to inadequate hypoglycemia, as all men responded to the iv insulin with a fall in plasma glucose to less than 2 mmol/liter. The basal, 15 min, and 30 min cortisol levels in the overtrained athletes were significantly elevated compared with their levels after 4 weeks of rest and with those of the normal group (Fig. 2) .
Discussion
The present study established an endocrine component of the overtraining syndrome which was reflected in elevated basal cortisol and impaired GH, ACTH, cortisol, and PRL responses to insulin-induced hypoglycemia. This impairment was not directly related to the stress of marathon racing, since the normal athletes had normal responses when tested soOn after racing.
Insulin-induced hypoglycemia acts by altering the se- cretion of hypothalamic factors which stimulate the release of ACTH, GH, and PRL from the anterior pituitary (17, 18) . The finding that the TSH, PRL, LH, and FSH responses to TRH and LHRH were normal suggests that pituitary dysfunction was not involved in the impaired ACTH, GH, and PRL responses to hypoglycemia and that the dysfunction was hypothalamic. This is emphasised by the ability to elicit a PRL response to TRH, but not to insulin, in the overtrained athletes. In view of the fact that the doses of TRH and LHRH used were supramaximal, it is possible that a degree of pituitary insensitivity is present in the overtrained athletes.
The present study provides evidence for hypothalamic dysfunction in overtrained athletes, as indicated by an impaired hormonal response to insulin-induced hypoglycemia, which was reversible after adequate rest from training. Measurement of the ACTH, cortisol, GH, and PRL incremental responses to insulin hypoglycemia may be a useful diagnostic test for overtraining in athletes and for monitoring recovery. In the simplest application, the demonstration of a cortisol response to insulin hypoglycemia of less than 180 nmol/liter would suggest onset of the overtraining syndrome and indicate that a decrease in training should be considered.
